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In a previous publication physical differences between human-precipitating and skin-sensitizing diphtheria antitoxins were demonstrated using the method of zone electrophoresis on a starch-supporting medium (1) . Precipitating antitoxin migrated as a slow moving gamma ('/2) globulin and skin-sensitizing antitoxin migrated as a fast moving gamma (3'1) globulin. Furthermore, the immunological properties of both varieties of antitoxin were not affected by the procedure of starch electrophoresis. This made it possible to separate gamma globulin fractions which retained the specific biological activity of whole serumcontaining antitoxin. On the basis of differences in migration, it was possible to identify the two varieties of antitoxin when they occurred together in sera.
At the time the earlier studies were performed, little attention was given to differences in serum components other than antitoxin. However, in the course of repeated electrophoretic determinations using high titered skin-sensitizing and precipitating antitoxic sera, it was noticed that consistent differences were present in the alpha and beta globulins. The beta globulin peak of skin-sensitizing sera seemed large by contrast with the alpha2 globulin peak, whereas in the case of precipitating antitoxin the converse was true. This finding raised the possibility that factors other than those directly concerned with the antitoxin were also of importance. The present study is concerned with qualitative differences in serum proteins and protein-bound polysaccharides between the two kinds of sera as demonstrated by zone electrophoresis on a filter paper medium. It was also thought of interest to use these techniques in a study of sera from individuals with certain clinical manifestations of allergy.
Materials and Methods
Human serum was obtained from adult subjects 2 days before and 9 to 19 days after a single booster dose of diphtheria toxoid. 1 The antitoxin titer of pre-immunization specimens ranged from 0.01 to 10 units/cc, and the titer of specimens procured following immunization ranged from 2 to 240 units/cc. Eighteen antitoxic sera were examined, including nine (Hu, Chris, Bas, Ow, Har, O'D, T. J., Pag., Reb) which have been studied previously (1, 2) . In eight instances, pre-immunization serum specimens were available for purposes of comparison.
A number of sera were also available from subjects who were not in the immunization study, but who were suffering from various allergic manifestations. These included the following: hay-fever and vasomotor rhinitis, 3; marked eosinophilia related to penicillin sensitivity, 1; eosinophilia of undetermined etiology, 1; dermatographia and erythema multiforme associated with rheumatic fever, 2.
Zone electrophoresis on a filter paper medium was carried out using a technique described by Kunkel and Tiselius (3) . For each experiment, three sheets of Whatman 3MM paper 40 cm. in length and 14~ cm. in width were immersed in the buffer to be used in the experiment and then dried to the barely moist state using other sheets of thick filter paper. The first sheet was placed on a silicone-treated glass plate 19 by 15 cm. in ~ in such a way that an equal amount of paper was free at both ends. The amount of undiluted serum used for test purposes was 0.005 cc. This was placed in the center of the paper using a special pipette? Eight determinations were performed at one time by appropriately spacing samples across the width of the sheet and allowing for about 2 cm. of unused paper at both sides. Bromphenol blue powder was added to one of the eight specimens so that the degree of separation of serum components during electrophoresis could be followed by observing the distance of migration of dye-stained albumin.
Analyses were performed in triplicate by superimposing one moistened piece of paper directly on top of another prepared sheet and adding the same serum samples at the same locations, and then repeating the process using the third paper. A sheet of silicone-treated plastic (pliofilm) was used to separate one serum treated paper from another. A second 19 by 15 cm. silicone-treated glass plate was placed on top of the paper and clamps were applied to both ends and to both sides of the unit. Silicone grease was spread along the edge of the paper block between the plates to prevent evaporation at the sides.
Electrophoresis was carried out at 4°C. using either barbital buffer at pH 8.6 and ionic strength 0.1 or acetate buffer at pH 4.5 and ionic strength 0.1. A current of from 150 to 200 volts and 15 to 20 ma. was applied and maintained over a period of from 20 to 26 hours. Under the conditions of these experiments, separation of serum into five components (gamma, beta, alpha1 and alpha2 globulins, and albumin) occurred over a distance of from 6 to 7 cm.
After the electric current had been discontinued, each piece of paper was removed and treated with the appropriate reagents for either protein or protein-bound polysaccharide determinations. Protein staining was performed using the method of Kunkel and Tiselius (3) . Staining of protein-bound polysaccharide was carried out using a method described by KSiw and Grtinwall (4) which is based on a histochemicai technique described by Hotchkiss (5) .
RESULTS
Many of the antitoxic serums stained for proteins and protein-bound polysaccharides showed normal distribution and intensity of the migrated serum i The author is grateful to Dr. J. A. McComb of the Massachusetts Antitoxin Laboratory, Jamaica Plain, Boston, for supplying the purified diphtheria toxoid used in these studies.
2 Microchemical Specialties, Inc., Berkeley.
components upon comparison of their electrophoretic patterns with those of normal healthy subjects. This is illustrated by the electrophoretic behavior at pH 8.6 of serums Ow, O'D and Cu which contain large amounts of precipitating antitoxin (Figs. 1 to 3). When stained for protein, five main components are readily visible: reading from right to left, albumin as a very deeply stained oval spot, alpha1 as a very faint spot, alpha2 as a somewhat broad band, beta as a sharper band, and gamma as a very diffuse spot. All five components are separated from one another and appear as discrete spots on the paper. The protein-bound polysaccharides are distributed in all globulin fractions and they are of somewhat greater intensity in the alpha globulins, particularly the alpha2 globulin (Figs. 1 C, 2 C, and 3 C). Following electrophoresis at pH 4.5, serum specimens containing high titers of precipitating antitoxin also showed characteristic staining patterns (Fig. 4) . When stained for protein, only two main components are visible: at or near the origin albumin is a very deeply stained ovoid spot, and just to the left of it and merging with it is a somewhat elongated dark spot which contains a mixture of globulins.
The protein-bound polysaccharides are present as three main components: reading from left to right, a moderately dark stained component just to the left of the origin, a deeply stained spot migrating to the right of the origin and a light stained isolated round spot migrating far to the right of the origin. The qualitative patterns exhibited by sera containing high titers of precipitating antitoxin were similar before and after immunization with toxoid (Fig. 4 C) .
The non-precipitating skin-sensitizing antitoxic sera showed qualitative patterns which differed from the normal but which were apparent only in those sera which contained high titers of antitoxin (25 to 80 units). Figs. 6 and 7 show the patterns obtained with serum Hu and Chris upon electrophoresis at pH 8.6. When stained by the protein method both serums show a common peculiarity in that the alpha2 band is considerably attenuated, or is merged with the beta band which appears as intense, or more intense than normal. Serums possessing low titers of skin-sensitizing antitoxin do not demonstrate this anomaly, or do so to a lesser extent. (Figs. 8 P and 9 P).
The high titered serums also exhibited unusual properties when tested for protein-bound polysaccharides. Although staining was apparent in all serum components, the color was accentuated in the region of the beta globulin and not the alpha2 globulin in which the coloration was much less intense than would have normally been expected (Figs. 6 C and 7 C). Electrophoresis determinations performed upon serums Hu and Chris obtained prior to immunization indicate that this peculiarity of the alpha and beta globulins was present before either subject was immunized with toxoid. In the case of Hu the findings were still present in serum obtained 2 years after the booster dose of toxoid.
FIGS. 1 to 3. Electrophoresis at pH 8.6 of sera containing high titers of precipitating diphtheria antitoxin.
"~ = origin. * P refers to the electrophoretic patterns stained for proteins. ** C refers to the electrophoretic patterns stained for polysaccharides. The patterns in subsequent figures are labelled similarly. Units of antitoxin per cc. of serum accompany figures of sera containing antitoxin.
Fro t h e q u a l i t a t i v e p a t t e r n exhibited b y p r e c i p i t a t i n g a n t i t o x i n t e s t e d u n d e r sim-FIGS. 6 and 7. Electrophoresis at pH 8.6 of sera containing high titers of skin-sensitizing diphtheria antitoxin. The alpha2 globulin is relatively indistinct on the protein stain or separation from the beta globulin is poor. There is a relative accentuation of color in the region of the beta globulin on the polysaccharide stain.
FIGS. 8 and 9. Electrophoresis at pH 8.6 of sera containing low titers of skin-sensitizing diphtheria antitoxin. Separation of the beta from the alpha2 globulin has occurred. Both bands are well defined.
FIG. 10. Electrophoresis at pH 8.6 of serum Reb containing mixture of precipitating and skin-sensitizing diphtheria antitoxins. Although the beta and alpha2 globulins are defined on the protein stain, there is a degree of continuity between both components represented by heavier intermediate staining. This is also observed on the stain for protein-bound polysaccharides where the color in the region of the beta globulins is comparatively marked ilar conditions. In contrast to the findings exhibited by these samples, the component which demonstrated the deepest stain migrated to the left of the origin. A lightly stained component was observed just to the right of the origin. The FIGS. 11 to 14. Electrophoresis at pH 8.6 of sera obtained from subjects during and after an attack of acute rheumatic fever. The acute process is reflected in the upper patterns in a marked accentuation of color in the region of alpha and gamma globulins on the polysaccharide stain. These changes are no longer present at the time of recovery as shown in the lower patterns.
substance which in the case of precipitating antitoxic sera migrated as a single spot far to the right was not observed (Fig. 5 C) .
Serums which contained a mixture of precipitating and skin-sensitizing antitoxins frequently exhibited the usual electrophoretic characteristics, but when the amount of skin-sensitizing antitoxin was unusually large, as in serum Reb (Fig. 10 ) the peculiar alterations described earlier were manifest but were not particularly striking as in the sera possessing high titers of only skin-sensitizing antitoxin.
Fla. 15. Electrophoresis at pH 8.6 of sera obtained from subject Berg. before, during, and after eosinophilia associated with the administration of procaine penicillin. The alpha2 and beta globulins tend to fuse on the electrophoretic pattern of serum which was obtained when the subject had marked eosinophilia. On the polysaccharide stain the color of the alpha2 component is comparatively light.
FIO. 16. Electrophoresis at pH 4.5 of sera obtained from subject Berg. before and at the time of marked eosinophilia associated with the administration of procaine penicillin. The distribution of polysaccharide components changed considerably when eosinophilia occurred. The preponderance of slow migrating components as contrasted with findings on earlier patterns is especially striking.
FIGS. 17 and 18. Electrophoresis at pH 8.6 of sera obtained from subjects with hay-fever. These patterns closely resemble normal ones except possibly for the protein pattern of serum T. P. carried out shortly after treatment was started. This shows a slight tendency to fusion of beta and alpha2 globulins.
FlO. 19. Electrophoresis at pH 8.6 of sera obtained from hay-fever subject Mc before and during an acute episode associated with exposure to chymotrypsin. The alpha2 component is relatively indistinct upon examination of sera obtained during the attack. On the polysaccharide strain, the color in the region of the beta globulin becomes accentuated during the attack.
Some of the sera used in this study were obtained from rheumatic fever subjects who also had dermatographia and erythema multiforme. The presence of an active rheumatic process is reflected in the protein stain by a very marked gamma and alpha2 globulin spot (Figs. 11 P and 12 P) and in the polysaccharide stain by accentuation of color in the region of the gamma, alpha1 and alpha2 globulins (Figs. 11 C and 12 C) . Recovery from rheumatic fever is associated with a reversion to patterns which do not exhibit these exaggerated staining properties (Figs. 13 and 14) . No unusual changes of distribution of serum components were observed.
A transition in the distribution of proteins and polysaccha_'des as observed by electrophoresis occurred in two patients who developed marked eosinophilia. Fig. 15 shows serial electrophoretic patterns of sera from a subject who entered the hospital initially with rheumatic fever and subsequently developed eosinophilia (60 per cent of total leukocytes) associated with the administration of procaine penicillin. The abnormal hematological picture improved following withdrawal of this variety of penicillin, but again returned when procaine penicillin was administered at a later date. At no time did the patient exhibit clinical manifestations of allergy. The electrophoretic distribution of serum components was not unusual during the periods that penicillin was not administered, but assumed the characteristics observed for high titered skinsensitizing antitoxic sera at the height of the eosinophil response. This difference was particularly striking when electrophoresis was carried out a pH 4.5 (Fig.  16 C) . A similar change was demonstrated in another patient who developed a 40 per cent eosinophilia of undetermined etiology.
No particularly unusual findings were demonstrated in sera of two patients with mild hay fever symptoms (Figs. 17 and 18) . One subject was under treatment with allergic extracts and the other subject had received no treatment at the time of withdrawal of blood for testing. A third patient who had long standing hay-fever and was under treatment showed slight alterations in the electrophoretic distribution of alpha~ and beta globulins following exposure to chymotrypsin which induced marked clinical hay-fever symptoms (Fig. 19) 
DISCUSSION
The present work indicates that considerable amounts of the serum-bound polysaccharides migrate relatively slowly upon electrophoresis of sera containing high titers of skin-sensitizing antitoxin. On the other hand, most of the polysaccharides of high titered precipitating antitoxic sera and of mixtures of antitoxins which contain relatively large amounts of precipitating antitoxin, migrate faster when tested under similar conditions. It will be recalled that skin-sensitizing antitoxin itself is present in a faster migrating portion of the gamma globulin (3'~) in comparison with precipitating antitoxin which moves largely in the slow migrating gamma globulin (7~). It is difficult at present to assign any significance to these two contrasting sets of circumstances.
There are certain advantages in carrying out electrophoresis at both pH 4.5 and 8.6 using the protein and carbohydrate stain in testing for differences among serum-bound polysaccharides. At pH 8.6 discrepancies are observed on the protein and the polysaccharide stain, since the serum fractions are well separated. On the other hand, electrnphoresis at pH 4.5 results in relatively poor separation of protein components, but there is a particularly striking demonstration of the difference between polysaccharides of skin-sensitizing and precipitating antitoxic sera as shown by the polysaccharide stain.
There are several possible reasons which could account for the differences in serum-bound polysaccharides between the two types of antitoxic sera as shown by the stain used in this study. The method for staining polysaccharide is based upon the ability of periodic acid to convert polysaccharides to high molecular aldehyde compounds. A positive result in the periodic-fuchsin staining method is given by a substance which contains the "1-2 glycol" grouping in unsubstituted form (or the equivalent form in which hydroxyl groups are replaced by amino or alkylamino groups) or its oxidation products. Most of the known naturally occurring materials which do so are classed with the carbohydrates, but apparently only the high molecular substances (polysaccharides, hyaluronic acid, mucoproteins) are likely to be present in adequate amounts to give visible color. Thus, the differences shown by skin-sensitizing and precipitating antitoxins could be related to differences in concentration, structural configuration or molecular weight of the serum polysaccharides. Quantitative carbohydrate studies of both varieties of sera are now being done in order to further evaluate some of these possibilities. It is also conceivable that discrepancies in staining exist because of differences in combining properties with another serum component so that a certain amount of polysaccharide is not available for reduction to aldehyde.
Because of the finding that electrophoretic patterns of serum polysaccharides may change in a given person from time to time and may resemble those seen in the presence of skin-sensitizing antitoxin, one wonders whether the status of the carbohydrates at a given time could have any influence upon the kind of antitoxin formed upon immunization with toxoid. It is of interest that the sera of both Hu and Chris showed atypical qualitative polysaccharide patterns upon electrophoresis both before and after a booster dose of toxoid and sera from the subjects who formed precipitating antitoxin showed the same patterns before and after immunization.
Our findings indicate that the presence of allergy of the hay-fever variety, or of rheumatic fever with skin manifestations is not necessarily associated with unusual serum electrophoretic patterns seen in high titered skin-sensitiz-ing sera or in marked eosinophilia. Little, if any, change was observed in the pattern of sera from subjects who had mild manifestations of allergy or who formed small amounts of skin-sensitizing antitoxin.
Although no changes of distribution of serum components were observed in the rheumatic fever patients during the course of the disease, the decrease in gamma globulin and in serum polysaccharides which occurs with improvement was well reflected in the electrophoretic patterns of the sera tested. Similar observations have been made by Raynaud, d'Eshouges, Pasquet, and Pasquet (6).
SUMMARY
The method of filter paper electrophoresis was used to study proteins and protein-bound polysaccharides in sera obtained from subjects before and after a single booster dose of diphtheria toxoid, and in sera from allergic subjects.
The electrophoretic patterns of precipitating antitoxic sera resembled those found in normal non-immune sera. However, skin-sensitizing antitoxic sera were distinguished by a relatively large beta globulin component and a small or indistinct alpha2 globulin. Fusion of both components was present in some sere containing this variety of antitoxin. Considerable amounts of serumbound polysaccharides in these sera migrated relatively slowly in contrast to the behavior of polysaccharides of precipitating antitoxic sera which migrated faster when tested under similar conditions. Alterations in proteins and carbohydrates were most readily observed in specimens containing high titers of antitoxin.
There were no demonstrable differences between the electrophoretic behavior of sera obtained from subjects before or after immunization with toxoid.
Electrophoretic patterns of serum from allergic subjects who developed marked eosinophilia showed attenuation of the alpha2 globulin associated with a relativc preponderance of slow migrating protein-bound polysaccharides. These alterations were not present in sera obtained from the same persons before and after the development of eosinophilia.
Changes in the proteins and polysaccharides could not be demonstrated with consistency in subjects with mild to moderate hay-fever symptoms. One person who developed severe acute hay-fevcr symptoms showed alterations in the beta and alpha2 globulins.
Rheumatic fever subjects showed no unusual changes in the distribution of serum components. However, transition from the acute process to convalescence is graphically demonstratcd by the marked decreases in gamma and alpha globulins and in protein-bound carbohydrates.
